Campolier, M., Thondre, S. P., Clegg, M., Shafat, A., McIntosh, A. and Lightowler, H. (2016) Nutrition-related studies avoid the participation of pre-menopausal women due to the potential 18 effect of the menstrual cycle (MC) on their appetite regulation. It is generally accepted that women 19 increase their energy intake during the luteal phase (LPh) compared to the follicular (FPh), however 20 what happens in the menstrual phase (MPh) and how this might be regulated remains uncertain. 21
affected by the MC phase, remains unknown. The aim of this study was to assess whether eating the 23 same breakfast in each of the three MC phases would change the GE time, the PYY response and post-24 prandial satiety such that they might affect subsequent food intake. Furthermore, the aim was to 25 associate any potential differences to the fluctuations in estradiol (E2) and progesterone (P4) within a 26 MC. Nine naturally cycling women attended to the laboratory to consume a standardised breakfast on 27 three occasions, each of them representing one of the MC phases. Breath samples to measure GE 28 time, plasma samples to quantify PYY levels and hunger scores were collected for a total of 4 hours 29 after which food intake was assessed by an ad-libitum buffet lunch. GE and PYY levels changed 30 significantly across the phases of the MC (p <0.05). GE was correlated to P4 and E2-P4 ratio (r = -0.5 and 31 0.4, respectively). To conclude, the appetite regulators PYY and GE time change depending upon the 32
Fig 1. Example experiment timeline during a MC. 139
During the visits to the laboratory, participants were requested to arrive between 7:00-9:30h to 140 have their body composition assessed by electrical bioimpedance, Tanita Body Composition Analyzer 141 BC-418MA (Tanita Ltd, West Drayton, UK) and then a cannula (BD Venflon Pro Safety 20GA, Becton 142
Dickinson Induction Therapy, Singapore) was inserted into a vein of the anti-cubital fosse of the arm 143 to obtain the baseline blood sample (t = 0). The cannula was kept patent by flushing 0.9% sodium 144 chloride into the system with a needle-free syringe after collecting each sample. Immediately after, 145 participants filled in the visual analogue scale (VAS) for appetite sensations and the first breath sample 146 for the measurement of GE was collected. Then the participant consumed the standardised breakfast 147 labelled with 13 C octanoic acid; the breakfast consisted of scrambled eggs on toast, pineapple and a 148 drink of their choice (water, coffee or tea with/out milk and sugar). The breakfast was standardised 149 amongst participants and provided 375-395 kcal of which 35%, 38% and 23% were in the form of fat, 150 carbohydrate and protein, respectively. The energy provided by the breakfast accounted for 17-18 % 151 of the total daily energy requirements for an average woman (19-44 years) with median physical 152 activity level of 1.63 i.e. 2103-2175 kcal/d (SACN 2011). Participants were asked to finish their 153 breakfast within 15min. As soon as they finished their breakfast, the first post-ingestion breath7 sample, blood sample and satiety scores were collected. Subsequent breath samples were taken every 155 15 min until 240 min. Subsequent blood samples and satiety scores were taken every 15 min until t = 156 60 min thereafter every 30 min until t = 240 min (Fig 2) . 157
158

Fig 2.
Timeline of events during each of the testing days in the laboratory. 159
Immediately after the last blood sample, the cannula was removed and the participant was 160 offered an ad-libitum lunch buffet composed by a variety of dishes/foods. The selected foods were 161 chosen with the aim to satisfy all tastes and possible conditions (e.g. lactose intolerance, vegetarian 162 diets, etc.) thus food intake was not restrained by choice or quantity (Table 1) 1  135  304  71  0  16  2  1  0   Banana  1  158  636  150  0  36  4  2  0   Clementines  2  226  398  95  0  20  3  2  0   Carrots  70  123  30  0  6  2  0  0   Celery sticks  80  32  8  0  1  1  0  0   Tomatoes  18  142  119  28  0  4  1  1  0   Potato Salad *  270  1858  448  35  28  3  4  1  Tuna & Sweetcorn Pasta  295  2295  549  25  59  3  20  1  Moroccan Couscous  245  2112  502  16  75  11  9  0   Bright Salad  83  93  22  0  3  2  1  0   Cheese, Babybel  4  95  1207  291  23  0  0  21  2   Low-fat Yoghurt  1  120  406  96  1  19  0  3  0   Sausages  8  66  779  187  14  7  1  9  1   Chicken Nuggets  5  77  770  185  10  14  1  10  0   Cheese & Tomato Pizza  1  160  1934  459  12  68  2  18  1   Bread sticks  19  331  78  1  14  1  2  0   Crisps, ready salted  1 bag  24  527  126  8  12  1  1  0   8   KitKat  4 fingers  45  958  229  11  29  1  3  0   Orange Juice  500  985  230  0  54  0  5  1   Water  500  0  0  0  0  0  0  0  Egg Mayonnaise Sandwich *  139  1202  287  13  26  5  14  1  Chicken Sweetcorn Sandwich*  139  1199  287  12  29  5  14  1   TOTAL (non-vegan 
Measurements 169
Gastric emptying Breath samples were collected by blowing into a small glass tube (Labco 170
Exetainer, Labco Limited, UK) through a straw while having the nose blocked with a nose-clip. 171
Participants blew into the tube while removing the straw to immediately cap the tube which was then 172 stored at room temperature for analysis. Breath samples were analysed using an isotope ratio mass 173 spectrometer (ABCA, Sercon Ltd, Chesire UK) to quantify the excess amount of labelled oxidised 174 octanoic acid (i.e. (Fig. 3) . 185 Ad libitum food intake. The researcher weighed out all the foods before and after the participant 207 had lunch and then food intake was analysed using an excel spreadsheet designed from the 208 manufacture's food information provided in the food label. Ad-libitum food intake assessment 209 included the measurement of energy, carbohydrate, protein, sugar, fat, saturated fat, fibre and 210
sodium. 211
Food intake from food diaries. For three days of each MC phase participants were asked to weigh 212 out and record all the foods and beverages consumed with as much detail as possible (e.g. brand, 213 cooking process). If participants could not weigh out a meal, they were asked to provide portion sizes 214 by using household measures (e.g. cups) and/or by taking pictures of the foods eaten. The selected 215 days of each phase included one of the visits to the laboratory (on day 2 of the 3-days), therefore 216 participants had to only record anything consumed after leaving the testing facilities on the test day. 217 
Participants characteristics 253
Fifteen women signed the consent form of which three had to be excluded because of violating 254 the inclusion criteria (i.e. irregular MC and suspicion of suffering Gilbert's syndrome). Of the twelve 255 women who started the study, two withdrew due to personal reasons and another who completed 256 the study had to be excluded because of unconfirmed ovulation and unavailability to reschedule the 257 LPh testing day. Thus the following results are based on a population of nine NC women (Table 2) . 258 Waist-to-hip ratio 0.77 ± 0.07 260
MC characteristics and ovarian hormones 261
only ovulated on the second MC. Averaged "peak" reading happened on day 14 ± 3 of the MC. The 264 two remaining participants were asked to attend to the laboratory when it was expected to be their 265 mid-LPh despite not having had a peak reading in the fertility monitor. Nevertheless, plasma P4 levels 266 indicated that these participants had ovulated as P4 concentrations were > 15.9 nmol/L which is 267 considered high enough to have ovulated (Piers et al., 1995) . Moreover, one of these two participants 268 had a positive LH peak in her personal fertility monitor, thus participants were kept in the study as 269 they seemed to have ovulated despite not having been detected by the fertility monitor used in the 270 study. 271
There were significant differences in E2 and P4 concentrations amongst the three phases of the 272 MC (p < 0.001 and <0.0001, respectively). E2 levels were significantly increased in the FPh and LPh 273 compared to the MPh, and P4 levels were significantly higher in the LPh compared to the other two 274 phases (Fig 4) . There was a significant overall effect of the phase of the MC on Thalf and Tasc (Table 3) Due to blood collection issues, a total of four samples (1%) could not be obtained. There was a significant overall effect on PYY AUC at t = 60, 120, 180 and 240 min, but only at t = 299 60 min there was a significant difference between specific phases, i.e. LPh vs. MPh (1157 ± 678 vs.1471 300 ± 650 pmol/ml/min) (p = 0.021) (Fig 5) . However the effects observed seem to mainly reflect that the 301 The 2-way ANOVA analyses looking at the change in PYY levels from baseline to every time point 307 showed that only time had a significant effect (p <0.001), whereas phase or phase x time interaction 308 had no statistical effect on PYY change (p = 0.846 and 0.213, respectively) (Fig 6) . 309 8268 ± 2388 mm/min for MPh, FPh and LPh, respectively (Fig 7) . 320 For this section of the results, a participant's data was excluded as her eating behaviour and food 327 diary analyses showed a strong indication that she was restricting her EI during the ad-libitum buffet-328 lunch as well as underreporting her food intake in the food diary. 329
Fig 7. Appetite sensations scores (mm) before and after breakfast in the different phases of the 321 MC: (1) 'How hungry do you feel?' (A), (2) 'How full do you feel?' (B), (3) 'How strong is your desire to 322 eat?' (C) and (4) 'How much food do you think you can eat?' (D)
During the buffet lunch there were no significant differences in EI, carbohydrate, protein or fat 330 intake between phases of the MC (Table 4) . Similarly no differences were observed in food intake once 331 participants left the laboratory. In addition, as an average of the three days in each MC phase, non-332 significant differences were found in food intake. Finally, food intake as an average of the day before 333 and after the laboratory visit, i.e. food intake under free-living conditions, did not change significantly 334 for energy, carbohydrate, fat or protein intake across the MC. 335 The aim of this study was to investigate whether appetite responses vary after consuming the 355 same breakfast in the different phases of the MC. This research is of importance in order to extend 356 the current knowledge in appetite regulation in a subset of the adult population who seems to be at 357 a higher risk of developing obesity than men (WHO, 2015) . 358 Our results showed that the time to empty half of the breakfast from the stomach to the 359 duodenum (Thalf) was significantly different across the phases of MC, being on average 28 and 13 360 minutes quicker in the LPh compared to the FPh and MPh, respectively. Iit could be suggested that 361 the reduction in the GE time (represented by Thalf) was because of a significantly shorter Tasc and, 362 potentially, a faster Tlag in the LPh compared to the other phases.. In the LPh, high GE rates might have 363 been reached quicker and once attained, these were sustained for a shorter period which resulted in 364 a reduction of the time required to empty the same amount of food from the stomach when compared 365 to the other two phases of the MC. Because Tasc was maintained for less time in the LPh, GE rates 366 achieved during that period had to be of a higher velocity to achieve a shorter Thalf. 367 or no differences (Horowitz et al., 1985; Monés et al., 1993 ) between these two phases, thus a definite 370 position in this matter cannot be made with the available evidence. Discrepancies amongst studies 371 might be due to different test meals in terms of calories and nutrient composition (Horowitz et al.,  372 1985) and the fact that some women might not have ovulated as this was not tested in all studies 373 (Monés et al., 1993) . Furthermore, attention is warranted as our outcome does not only support those 374 who found differences between the LPh and the FPh (Brennan et al., 2009 ), but also suggests that the 375 GE effect seen in the LPh is large enough to be compared to the MPh, as well. As far as we know, this 376 is the first study to add the MPh as another time point to investigate GE within the MC and our findings 377 suggest that this should be included in future investigations. 378
To our knowledge, this is the first investigation to indicate that fasting and post-prandial PYY 379 levels significantly change amongst the phases of the MC. The results indicate that when participants 380 are fasted in the LPh there are lower PYY levels compared to the MPh. Moreover, the results suggest 381 that PYY response is smaller after the consumption of the same breakfast in the LPh compared to the 382 other MC phases. Nevertheless, the MC effect on the PYY response seems to partly result from the 383 significant differences found at baseline (when fasted) as the statistical significance was lost when 384 looking at the change in PYY levels from baseline. The unchanged food intake during the lunch buffet may be expected since there were no 427 significant differences in the appetite sensations post-breakfast, suggesting that food intake was 428 responding to actual appetite perceptions and not to other extrinsic factors. However, direct 429 correlations were not found between food intake and appetite sensations which manifest the 430 difficulty in assessing subjective measurements. Thus, although unlikely, changes in the concentrations of total PYY could respond to alterations in the 461 proportion between the two forms of PYY. Thus it cannot be dismissed that lower PYY response in the 462
LPh was mainly relying on a diminished PYY1-36 secretion and conversion, therefore, inducing minimal 463 changes in food intake. Future studies could improve our findings by measuring the two forms of PYY. 464
Conclusion 466
To our knowledge this is the first study to investigate GE time and PYY response after consuming 467 the same breakfast three times in the MC in which ovarian hormones, E2 and P4 presented very 468 distinguishable levels. Our results found significant differences in GE time and PYY response that 469 suggest the LPh as the quickest in GE time with the smallest PYY response of the all MC phases.. Finally 470 changes in the GE time could be influenced by the fluctuations in the ovarian hormones. 471
Further research needs to be done to confirm these findings and to have a better understanding 472 of the underlying mechanisms for these changes in GE time and PYY response across the MC as they 473 could potentially direct us to novel dieting strategies in women. Finally, our findings suggest that any 474 functional food studies aimed to change satiation should take into account the likely modifications in 475 the processing of food that women might experience throughout the MC by re-testing their products 476 
